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Abstract. We study the cross-correlation between 716 Mgn quasar absorption systems and 
~ 100,000 Luminous Red Galaxies (LRGs) selected from the Sloan Digital Sky Survey Data 
Release 3 in the redshift range 0.4 ^ z 0.8. The Mg II systems were selected to have AA2796 
& 2803 rest-frame equivalent widths ^ 1.0 A and identifications confirmed by the Fell A2600 
or Mgl A2852 lines. Over co-moving scales 0.2-13/iT 1 Mpc, the Mgn-LRG cross-correlation has 
an amplitude 0.69 ± 0.09 times that of the LRG-LRG auto-correlation. Since LRGs have halo- 
masses of 1O 13 M0, this strong cross-correlation signal implies that the absorber host-galaxies 
have halo-masses 1-2 x 10 12 Mq . 
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1. Introduction 

The connection betw een quasar (QSO) absor ption line (QAL) systems and galax- 
ies (first established bv lBergeron fc BoisseHl99ll) is important to our understanding of 
galaxy evolution. QALs provide detailed information about the physical conditions and 
kinematics of galaxies out to larg e impact parameter s (R > 100 kpc), regardless of the ab- 
sorber's intrinsic luminosity fe.g. lSteidel et al1l2002t and Churchill et al. 2005, Kacprzak 
et al. 2005, these proceedings). Past results show that Mgn absorb ers are biased to- 
ward s late-type galaxies which do not evolve strongly from z ~ 1 l)Steidel fc Sargent! 
ll9P.2ilSteidel et nl .Hl!)!) lli. These results also show that Mg n absorber host-galaxies have 
if-band luminosities consistent with normal 0.7L* B Sb galaxies. The cross-section of Mg II 
absor bers with W r MgI1 > 0.30 A appears to be R x ~70/i _1 kpc (co-moving) (e.g. ISteidel 
119951) . These systems are associated with H I absorbers in the Lyman limit regime up to 
the damped Ly-alpha absorber (DLA) regime (see also Rao et al. 2005, these proceed- 
ings)^ 

In iBouche et al.l ll2004h. w e used the Sloan Digital Sky Survey (SDSS) data release 1 
fDRl : lAbazahan et al.l20 03) to constrain the mass of the halos associated with the Mg n 
absorbers. Specifically, we used the absorber-galaxy cross-correlation to measure of the 
mass ratio of the halos associated with Mg n since, in a hierarchical galaxy formation 
scenario, the amplitude ratio of the Mgn-LRG cross-correlatio n to the LRG - LRG auto- 
correlation is also th eir bias ratio. The reader is referred to IBouche et alJ l|2004|) and 
IBouche et alJ l|2005al) for the details. Fig. 1 (left) illustrates the methodology. Using 
212 Mgn absorbers and ~ 20, 000 Luminous Red Galaxies (LRGs). IBouche et alJ |2j 
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Figure 1. Left .The bias b(M) as a function of the halo mass M lMo fc White! (|2002) (solid line). 
The right ?/-axis shows the auto-correlation length ro- LRGs have »"o, gg — 6 /i -1 Mpc, and thus 
masses of ~ 10 13 Mq. Right: Filled circles show the Mgll-LRG cross-correlation w ag (rg) between 
716 Mgll absorbers and 94,649 LRGs. Filled triangles show the LRG-LRG auto-correlation, 
w gg . The dashed line shows a power- law fit to w gg . The solid line shows the fit w ag = a x i& gg 
for r e > 200/i _1 kpc since the smallest scales will be affected by the finite cross-section of the 
absorbers. The raw relative amplitude is a = 0.87 ± 0.08. The left panel therefore implies that 
our Mgll absorbers have halos 7-10 times less massive than LRG halos, i.e. our Mgll absorbers 
have halos with mass 1-2 x 10 12 Mq . 

found that the bias ratio &Mg ti /£>lrg is 0.67 ± 0.09 on scale re > 200h~ 1 kpc, implying 
a halo mass for the Mgll host galaxies of 0.5-2.5 x 10 12 M (for 10 13 M© LRG halos). 



2. Results 

He re, we extend our DR1 results using SDSS Data Release 3 (DR3; lAbazaiian et alJ 
l2005(l . We selected 716 Mgll absorbers from SDSS/DR3 with z &hs ^ 0.8 using automated 
technique that included the following criteria: (i) W^ 11 ^ 1.0 A; (ii) we requi r e that 
W r M si^Q.2A, and th a t W^ cH ^ 0.5 following the DLA criteria of lNestor etaD l|2003h 
and iR.ao & Turnshekl Ij2000n (see Rao et al. 2005, these proceedings, for an updated 
discussion). We remove spurious candidates by visually inspecting each Mgll spectrum. 

For each absorber, we selec ted ~ 1300 Lum i nous R ed Galaxies (LRGs) from SDSS/DR3 
using color criteria following iScranton et al.l (J2003) , and in a slice of w i dth W z =0.1 us- 
ing the photometric redshift calculated with the code of iGsabai et alJ |2003). There are 
a total of 94,649 LRGs meeting these criteria, within 12.8ft." 1 Mpc, our largest bin. 

For the cross-correlation, w ag , we use the estimator 1 + w ag (rg) = AG/AR, where AG 
is the total observed number of absorber-galaxy pairs between ro — dr/2 and rg + dr/2 
and AR is the total absorber-random galaxy pairs. This estimator is necessary to account 
for the non-symmetric situation: Mgll absorbers have precise rcdshifts, while the LR Gs 
have photometric redshifts with an accuracy of a z ~ 0.1 fsee lBouche et al.ll2005at for 
a discussion). Fig. fright) shows our results (see caption). The errors to w ag and w gg 
were computed using Nj ac \<_ = 10 jackknifc realizations. 

The amplitude of the Mgn-LRG cross-correlation relative to that of the LRG -LRG 
auto-corr elation is 0.69 ± 0.07 ± 0.06, after applying a correction of 25 ± 10 per cent dis- 
cussed in iBouche et all ll2004|) . The two error terms reflect the statistical and systematic 
uncertainty, respectively. By adding the errors in quadrature, the bias ratio is 



a = 0.69 ±0.09. 



(2.1) 
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Within the context of hierarchical galaxy formation, Eq. 12.11 implies that our Mg II ab- 
sorbers have halo masses 7-10 times smaller than the LRGs. For 10 13 Mq LRG halos, 
the Mgn absorbers have halos of 1-2 x 10 12 M©. 

It is important to realize that this method (i.e. measuring the halo mass from the ratio 
of pr ojected correlation functions) has the following advantages (see also iBouche et all 
|2004|) : (i) it constrains the mass of the Mgll/DLA host-galaxies in a statistical man- 
ner without directly identifying them, (ii) it is free of systematics from contaminants 
(e.g. stars), and (iii) it does not require knowledge of the true width of the redshift dis- 
tribution of the galaxy used. The last two points are a consequence of the fact that we 
use the same galaxies for u> gg (rg) and for iu ag (rg). 



3. Discussion 

Our results are con sistent with those oflBergeron fc Boissel l|l99ll) . iMo fc Miralda-Escudel 
l)l996jh For instance. IMo fc Miralda-Escudel l|l996f) indicate that the majority of Mgll 
absorbers reside in systems with V C i rc = 150-300 kms -1 with a median at ~ 200 kms . 
Our mass measurement appears to corroborate that of ISteidel et al ] lll994h who found 
that Mgn absorbers with W / r MgII ^0.3A are associated with late-type ~0.7LJj galaxies, 
since the expected amplitude ratio between early and late type galaxies is ^0.70 (see 
iBoucheetaljEooj. 

Are our results consistent with ACDM? That is, is there enough massive halo s to ac- 
count for dN /dzl From dN/dz = n(M) a(M) dr/dz, Rx — 70 kpc (co-moving ) ijSteidell 
119951) . n(M) = lQ- 2 h- 3 Mpc" 3 , dN/dz = 0.3 (n/10~ 2 ) (Rx/70 kpc) 2 ~ dA/dz(obs), 
and we can conclude that there are eno ugh massive 10 12 M^ halos. While we defer a 
more detailed analysis of these results to lBouche et alJ l|2005blh preliminary results also 
indicate little dependence of the halo mass on the equivalent width. 

Acknowledgements 

N.B. thanks the IAU and the organizers of this conference for the travel grant. M.T.M. thanks 
PPARC and I.C. thanks OTKA, T047244. Funding for the Sloan Digital Sky Survey 
(SDSS) has been provided by the Alfred P. Sloan Foundation, the Participating Institu- 
tions, the National Aeronautics and Space Administration, the National Science Foun- 
dation, the U.S. Department of Energy, the Japanese Monbukagakusho, and the Max 
Planck Society. 



References 

Abazajian K. et al., 2003, AJ, 126, 2081 

Abazajian K. et al., 2005, AJ, 129, 1755 

Bergeron J., Boisse P., 1991, A&A, 243, 344 

Bouche N., Murphy M. T., Peroux C, 2004, MNRAS, 354, 25L 

Bouche N. et al., 2005a, ApJ, in press, astro-ph/0504172 

Bouche N., Murphy M. T., Peroux C, Csabai I., 2005b, MNRAS, in prep. 

Csabai I. et al., 2003, AJ, 125, 580 

Mo H. J., Miralda-Escude J., 1996, ApJ, 469, 589 

Mo H. J., White S. D. M., 2002, MNRAS, 336, 112 

Nestor D. B., Rao S. M., Turnshek D. A., Vanden Berk D., 2003, ApJ, 595, L5 

Rao S. M., Turnshek D. A., 2000, ApJS, 130, 1 

Scranton R. et al., 2003, Phys. Rev. Lett., submitted, preprint ( astro-ph/0307335 ) 

Steidel C. C, Sargent W. L. W., 1992, ApJS, 80, 1 

Steidel C. C, Dickinson M., Persson S. E., 1994, ApJ, 437, L75 



4 N. Bouche, M. T. Murphy, C. Peroux, & I. Csabai 

Steidel C. C, 1995, in Meylan G., ed., QSO Absorption Lines. Springer- Verlag, Berlin, Ger- 
many, p. 139 

Steidel C. C, Kollmeier J. A. et al, 2002, ApJ, 570, 526 



